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Enclosed is the November 17, 1965 progress report prepared by ITTIL.

The ten ITT tubes available to Lick have been extensively tested in
the laboratory., In general our feeling is that the pulse height
distribution of these tubes is quite good. This has been adequately
documented in the ITT portion of this report; our findings are in good
agreement with theirs., The dark current is still rather high (ten
counts/sec when the tube is cooled to dry ice temperatures) but we
have not yet received prototypes of the final version of the tubes

and until we do it will be impossible to estimate the dark current

to be expected from the delivered tubes.

We have extensively investigated the gain in quantum efficiency as

a function of wavelength that can be realized if the input illumina-
tion that is reflected rather than absorbed at the photocathode is
returned to the photocathode. This is accomplished (as shown in
Figure 1) by placing a right angle prism with one aluminized face

in optical contact with the faceplate of the photomultiplier tube;
the incident light then strikes the cathode at 45° incidence. The
increase in electron yield when the tube is illuminated in this
manner rather than by normal incidence as is the usual practice
averages about 207% at X = 4200 A and about 807 at A = 7000 A, The
increased yield in the red is almost certainly due to the greater
transparency of the photocathode in the red. When the prism is used,
50% of the ITT photocells that we now have show a peak quantum effi-
ciency greater than 237% and the most sensitive one has a peak quantum
efficiency of 26%. This is satisfactory although one may expect that
higher electron yield in the blue can be obtained if the photocathode
is made somewhat thinner.

We have still not received the prisms we need for testing the tubes
at the telescope. When the prisms arrive we will proceed with the
telescope tests.
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Fig. l,~-Method of returning unabsorbed light to the photocathode in
order to increase electron yield.
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PRQJECT REPORT

i.0 INTRODUCTICW

1.1 During this peviod the offore has besn divected teward colv-
ing the problews o of o clectwon~Gpical ln;uv section
and expoviuenting viih eatronce window w:torkux“' L., CUATEY
and gapphire, %he nose of gn extyva aveviure betucen the ﬂfLLn'n~

S IS

aperiure and dywede ) has been cvalunitod in

the addition of a civculsy ¥ield shaping electrode located in the
annvlar space betwesn the speveuve and focus elecirodes ng been
tested im FéL-974-2 X2L, SEpecial test tubes LC-6 X-192 and X-20

in which a willeuite phosphor sersen weplaced LhO defining aperiur
have been built ©o provide wiswal digeervnent of rasults frowm wedi-
fication in the imige saction

bullt and test vesuvlis are

i “(&vQIt-? X-18 while

eoweiTy. A description of tubes
ained in the following pavagraphs.

2,0 TUDES CONSTRUCTED AND TEST RESULTS

2.1 o FO4-974-2 FR2(520, 450R) is & wodification of the ITTXL
FWi30 having a .21 mdgnific tion imsge section, L0 srage wulel

cLio
plier and flat-£ilat quartz v See drawing 4711064, 1t is
similar to F&4-974-2, X20 dasgcribed in cthe previcus August re-

port, Tube charzcteristics are found in figures 1, 2, 3 and &4,

2,2 F64~9274-1 X-13 has 2 12 stage waltiplicr and the unfocused
electron-optical iwage cection. This tube is siwilar o FG4-874-1
X~9 described in Che Auguest veport., (Sce c? awing &:3}032) The
520 cathode gensicivicy was 63 waliuv (2070 “% gouree), 712 uafiu
{6313 blue {ilcer) =ud 3.2 vaflu, The effective catncde diameter
was approxiwately 256" and a goin od 10° wags obtafned at 2300
volts overall, Howoever, the prlse halght distribuiion waa expo-
aencisl with wany swzll pulses neted, siwmilar in this respect to
the X-9,

%

2,3 Boh=974~2 Z-16 (8-~20, $501) is constiucted accoxd
ing 4711064 erxcept for a change in che entvance window
glass, of plano-concove surfsces, F
the weaswred values of the yespoas
anode darl curvent, czthode specivs 3 .
tion and ITPD(insiuntanesus efiective pantocathode fﬂmEHSi-:gYucHGue vely

N
o

&~
=g
[43)

” ) -3

49742 R-3i5 (8-20,
figures 1, 2, 3, 4, 7 and ¢

2.5 IC-6 X-16 and 16-06 X-17 - ave 820 test tubos navzag plano=-concuve
quartz windu<J sealed o a 7m;9 glans onvalope with & xilver chlsride
seal and having sn external wsuendsge to comtsin che bialksli gonewraisryg.

3 @il
Cathode senaxtxvifio" of &G ﬂhﬂ 57 vafls respoctively, were weasured
on the exhaust system before tipoff, Douth tubes developed losks from
he Kovar pinch-o

Q
ﬂ.‘
L&)
53
ot
Y
tte
=3
-

2.6 F 64-974-2 %-18 (8-20, 450R) is similar in design i
4711064 with the folliowing wodificationss



-t
&

2. The entyvance wirdow is 7056 glass, with both
surfaecs fiat ond p‘LuLinl
b, An cxtva cpecvcare has been included botuzen the

defining apertuvre and dvnodc 1, see figure 9 below:

,Z%’:J‘ ’L s .
Dipiens i 2 ! __
arnops #4 Ds‘ N
e}
L
v ,/Jz V4
27006, DEritiie  ARERTUTE —

ST Ol - ArErTesis B8

Tiguvre 9.

The function of the second aseriture &8s deterwined on
Couttract MASw 10238 i3 to repel leow cenergy eluctrons which way

o
be cuitted fyrom the agerture elactvode under the lwpact of high
energy primary electrons ewiited [rowm the caitwde and accelevated
by the potential botween the cathede and apevture eLecﬁromeo Thi
requires a sull nogative poteniiel on the second aperinre with

respect to thz defining sperture,
[y o)

in actual wessureasnis, hest vesults wece abtained wheun
srEure #2 was 90 volts negative with respect to the delining

T
aperture and” im rhiﬁ pode of operation, the combination of

cperiure and ¢ acted us « type of Binvel lens

tending to ~on the electron beswm in the area betweesn the
<

defining upcer

T,

Figures 1, 2, 3, 4, 10 and 11l contain the
> » -] B b
characteristics,

wmeasured tube

16-6 ¥-19 ic on lwsge tesc tube having an S-1 cathode,
willewite phosshor sereen in Lu vlone of the defining speviure

<2
and replacing {&, ¢n snnwlar t 303 electrode and wndified spacing
as shown in figuxe 12, .

e}



2.8

AN
/// \\‘A2€f Lrecitrede 487
Phosassor on Gloss Sebsirate

Figure 12

i Teis tube was bullt to detormine the effect of inecreased
spacing between the aperiuve elactirode and cathede and alsoe
the vesult of applying a potoential to an electirede, designated
as electrode "A" locsted ¢s shown in figuve 12,

The resulis obsexved ¢o fLar hove heen &3 follows:

3, Hi'h 1903 volts befwsen the cathode and anertuie
>, a focus voltage 22 wolls poulvive with resrect

£o the dLlﬁdC and electvode A" at the aperture electrode

ak, an i L4EY dinverer was wmezsured on the
pNOJUhul LO”"CGPOHJI“f o an YEPD of 7% giving & wmagnifi-
cation of approivacery ch
b, under the seue opow 3 conditions az in a, but with
electrode "AY at the cathode potential, an iwwge 1207
diawmeter on tho yhosphor corrzsponded to an YEPD of ,7% For
a .17 wognificution,

YC-6 - ¥-20 is
X-19, built o note
image sectdon spueiy
eloctrode with th?
fining apercuve as

cest tube, siwilar in cons deCLLO pe)
of comwbining the standerd WLz
e the cozhode and dUthKfe
hetween the speriture cone and da-
Fo4~274-2 rubes. See ficure 13,
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